Traumatic rupture of the trachea or the bronchi is reported with increasing frequency. Such rupture may follow penetrating wounds, but the common cause is blunt trauma of the throat or thorax.
When the proximal trachea is damaged other cervical structures are usually involved. By contrast the distal trachea or bronchi are not infrequently the only thoracic structures damaged. In particular there may be no rib fractures, or obvious fractures may be uncomplicated and insignificant.
Thoracic rupture usually occurs in the vicinity of the carina. Central rupture generally presents with emphysema of the mediastinum and neck. Diagnosis can usually be confirmed by tracheobronchoscopy. Rupture of the peripheral bronchi generally presents with pneumothorax and atelectasis.
Central rupture should be treated by primary suture. Lobectomy is often necessary when small bronchi are ruptured.
For some years now, reports of tracheal lesions and lesions of the large bronchi have become increasingly frequent. Increased incidence of thoracic trauma, associated with ever increasing traffic congestion and higher speeds, largely explains this, but a better understanding of possible complications of such trauma has also led to more frequent diagnosis (Peters, Loring, and Sprunt, 1958; Hood & Sloan, 1959; Shaw, Paulson and Kee, 1961; Carter, Wareham, and Brewer, 1962;  Harrington, Beall, and DeBakey, 1962; Logan, Abbott, and Hatcher, 1965; Beall, Noon and Harris, 1967) .
Rapid diagnosis and primary treatment are essential, because tracheal and bronchial lesions are potentially rapidly fatal.
The possibility of bronchial rupture following thoracic injury has been recognized for many years. Seuvre (1873) reported one of the first cases, and for many years ruptures of the distal trachea and of the main bronchi were thought necessarily to entail 100% mortality. However, Krinitzki (1927) (1945) , and the first suture of a total rupture by Griffith (1949) . The first suture of a total rupture of the trachea was performed by Beskin (1957) . During the last 20 years there have been regular reports of treatment of tracheal and bronchial lesions by primary suture. There have been relatively few reports from Scandinavia (Norlin, 1955; Wulff, Malm, Svanberg, and Wenckert, 1959; S0rensen, 1960; Thoren, 1962) .
MECHANISMS OF INJURY AND PATHOLOGY
In general, there is good bony protection of the trachea and bronchial tree, but the cervical trachea is exposed anteriorlyr and laterally. Lesions at this site, however, are not common. This is probably because the lower jaw affords some protection. and because the trachea itself is not a delicate structure and in elastic and mobile (Fogelman and Stewart, 1956 Hyperextension of the head and neck stretches and compresses the trachea against the cervical spine. Transverse lesions between the second and sixth rings commonly result, and when there is total rupture, separation of the ends may be marked.
Injuries to the thoracic trachea and bronchi usually result from blunt thoracic trauma, but the precise mechanism is often obscure. When trauma is very severe the trachea and main bronchi may be crushed between the sternum and the spinal column, but generally it is supposed that the majority of injuries are indirect. Violent acceleration/deceleration of the relatively free lungs, or compression of the thorax in the sagittal plane, may rupture the stiff and relatively fixed tracheobronchial system.
The position of the vocal cords at the instant of accident may also be significant. Rupture may follow a rise in pressure when the glottis is closed. In support of this contention, such injuries to the tracheobronchial tree have been described after explosion of anaesthetic gases and following forced high-pressure ventilation. It is also possible that violent traumatic displacement of the diaphragm and abdominal organs can be significant. Perforations of the trachea and the main bronchi during instrumentation and long-term intubation have also been reported in recent years (Schonberg, 1912; Richards and Cohn, 1955; Peters et al., 1968; Hood and Sloan, 1959; Shaw et al., 1961; Carter et al., 1962; Larizadeh, 1966 (Griffith, 1949; Hood and Sloan, 1959; Larizadeh, 1966) . On the other hand, traffic accident necropsies show that when thoracic trauma is severe, the tracheobronchial tree is frequently involved (McCarroll et al., 1962; Slatis, 1962; Sevitt, 1968) .
One thousand one hundred and seventy-eight necropsy reports on persons dying after trauma in the years 1961-66 were reviewed. In 33 instances there were lesions of the trachea and/or bronchi. Table I reviews the thoracic injuries and Table II gives the site of the tracheobronchial lesions.
There were 28 traffic accidents. In 22 cases, the individual (pedestrian, cyclist, motorcyclist) was struck by a car; the remaining six were probably steering column injuries. Two pedestrians were run over by a train, there were two instances of crush injuries at work, and one fall.
The relevant component of the accident was in 25 cases a violent blow on the chest, and in eight cases a crush injury. Three individuals had no demonstrable rib fractures, seven had fractures of between two and four ribs, and the remaining 23 had multiple rib fractures. Table III reviews the other injuries.
Death was virtually instantaneous in 27 cases: multiple fatal injuries were found in 24 persons, but in three the only serious injury was of the tracheobronchial tree. Six individuals were alive on arrival at hospital, five died between 45 minutes and two hours after admission. Of these five, four had multiple severe injuries, but in one the only serious finding (Table IV) , and in three cases penetration (Table V) . In one case a bronchus was perforated during endotracheal suction (Table V) .
Traffic accidents accounted for four of the seven cases of blunt trauma, while the other three were crush injuries sustained at work.
The clinical findings in the 11 patients are shown in Table VI Al-Qassab, 1966; Al-Omeri, 1969) . All patients were given intensive antibiotic cover during the first 10 to 12 days after injury.
As recorded, there were three primary deaths, two from acute purulent mediastinitis and one from cerebral damage.
The other patients had uncomplicated recoveries. All are now without symptoms, and tracheobronchoscopy and bronchography performed at followup have shown healed tracheal lesions without stenosis, while there is insignificant stenosis of the main bronchi at the site of sutures. The patient with lesions of both the trachea and oesophagus following attempted suicide had some narrowing of the oesophagus.
DISCUSSION
The clinical series presented here gives some idea of the possible forms of injury to the tracheobronchial system, and also illustrates some of the mechanisms of such injury. The series supports the contention that rupture of the tracheobronchial tree following blunt thoracic trauma generally occurs around the carina, that is to say, the distal trachea or the main bronchi at the origin.
The actual mechanism of tracheobronchial injury following blunt trauma is not clear. Generally, a number of factors are probably involved, but one alone may be responsible in certain circumstances.
Our study of necropsy reports supports the conclusion of earlier studies that traffic accidents are the most common cause of tracheobronchial lesions, and that such injuries are frequently combined with other potentially fatal injuries. On the other hand, it is apparent from virtually all studies that, on occasion, tracheobronchial damage may be the only serious injury (Gammelgaard et al., 1956; McCarroll et al., 1962; Slitis, 1962; Sevitt, 1968) .
In the necropsy series reviewed here there were five such cases, and it seems apparent that a vital factor in the mortality was aspiration of blood into otherwise normal lungs.
In the clinical series, two patients with bronchial rupture following blunt trauma had other fatal lesions. Only two patients had demonstrable rib fractures and these were not serious. By contrast, both blunt and sharp trauma, which damages the cervical trachea, generally involves other structures in the throat.
Small tracheal ruptures generally heal without complication. If large or total rupture of the trachea is overlooked when acute tracheostomy distal to the rupture is performed for respiratory distress, severe tracheal stenosis will follow. Such patients are usually severely incapacitated and present difficult technical surgical problems. Often permanent tracheostomy is the only answer. If a patient survives the acute phase of an undiagnosed rupture of a bronchus, the outcome depends on the nature of that rupture. Stenosis and recurrent symptoms generally follow incomplete rupture, while the lung distal to a complete rupture will collapse, and, though there is risk of infection, patients may remain without pulmonary symptoms (Wulff et al., 1959) .
Tracheobronchial rupture is not common, even among patients subjected to thoracic trauma, and very few such patients will be seen in the average thoracic surgery department.
Initial treatment of patients with lesions of the tracheobronchial tree does not differ in principle from treatment of other patients with thoracic damage. The five persons in the necropsy review, whose only pathology was a lesion of the trachea or a bronchus complicated by aspiration of blood into the airway, demonstrate clearly that correct initial treatment is essential. A free airway must be established and adequate ventilation ensured. It may also be necessary on occasion to insert a pleural drain, and if this initial treatment is begun, in most cases the critical phase will be controlled so that patients can be transferred to a specialist department.
